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KNEE OSTEOARTHRITIS SEVERITY ASSESSMENT USING KNEE
KINEMATIC DATA CLASSIFICATION
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M. Pelletier 2, J. de Guise 1. 1 Laboratoire de recherche en imagerie et
orthopédie, Montreal, QC, CANADA; 2Ctr. de recherche du CHUM, Montreal,
QC, Canada
Purpose: The modern technology used in gait analysis allows new insights
into human gait patterns understanding and offers opportunities to
develop automatic objective methods to aid in the diagnosis of musculo-
skeletal pathologies such as knee osteoarthritis. The purpose of this study
was twofold: (1) develop a classiﬁcation method to distinguish between
knee osteoarthritis (OA) patients and asymptomatic participants using
three-dimensional (3D) knee kinematic measurements during gait, and (2)
further investigate classiﬁcation method to discriminate the severity of
knee OA in the pathological participants using gait patterns.
Methods: Fourteen asymptomatic participants (AS) and 30 knee osteoar-
thritis patients (OA) took part in this study. The OA patients were grouped
into two OA severity categories according to the Kellgren and Lawrence
(KL) scale: KL 1 and KL 2 for one category, and KL 3 and KL 4 for the other.
3D knee kinematic data (ﬂexion/extension, adduction/abduction and
internal/external rotation) were recorded while the subjects walked at
a self-selected comfortable speed on a on a conventional treadmill. A
validated knee marker attachment system (KneeKGTM, Emovi, Canada),
was installed on the subject knee to record the 3D kinematics. The kine-
matic data were normalized for each subject, and the mean pattern was
used as a representative gait cycle (for each subject) for the purpose of
feature extraction and classiﬁcation. Features are extracted from the
kinematic data pattern to determine the most appropriate sub-cycle for
classiﬁcation. Following this representation data acquisition, we investi-
gated a two-level hierarchical analysis method, one level to discriminate
AS participants from knee OA patients, and the other to assess the severity
of the disease of the OA patients into two groups (KL1-2 and KL3-4).
Classiﬁcation used the subspace method based on singular value decom-
position (SVD). Classiﬁcation performance is evaluated by cross-validation
in terms of accuracy, sensitivity, and speciﬁcity. Cross-validation provides
a robust evaluation method for estimating the generalization error and
classiﬁcation performance.
Results: Adduction/abduction kinematic data is more discriminating than
ﬂexion/extension and internal/external rotation data. For AS/OA classiﬁ-
cation, the analysis showed that the most discriminating sub-cycle was
during the stance phase, more precisely between 10 % and 40% of the gait
cycle. The corresponding classiﬁcation success rate was 93.1%, with 79%
sensitivity and 100% speciﬁcity. Concerning the knee OA severityassessment into KL1-2 and KL3-4 categories, the classiﬁcation success rate
was 93.2%. This was achieved using frontal kinematic data during the
swing phase, more speciﬁcally data between 66 % and 100% of the gait
cycle.
Conclusions: Our ﬁndings show that a knee biomechanical assessment
and pattern classiﬁcation methods not only allows the discrimination of
knee OA patients from asymptomatic participants but can also differen-
tiate with high success rate knee OA patients with low KL grade (KL 1-2)
from high KL grade (KL 3-4). Results emphasize the potential beneﬁts of
a biomechanical assessment in helping diagnose and grade knee OA
patients.
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EFFECTS OF UNSTABLE ROCKER-SOLED SHOES ON KNEE LOAD
PARAMETERS IN PEOPLE WITH KNEE OSTEOARTHRITIS
E.G. Madden, C.O. Kean, T.V. Wrigley, K.L. Bennell, R.S. Hinman. Univ. of
Melbourne, Melbourne, Australia
Purpose: Unstable rocker-soled shoes are relatively new and novel designs
to the footwear market. They are promoted to reduce “joint stress”,
potentially by increasing activity of small intrinsic lower leg muscles. Soles
of rocker-soled shoes typically contain a highly compressible material of
increased height and curve compared to traditionally designed shoes,
theoretically increasing foot/ankle motion in sagittal and frontal planes. To
date, there has been minimal investigation of the effects of rocker-soled
shoes on knee load in people with knee osteoarthritis (OA). Given that
footwear inﬂuences the knee adduction moment (KAM) in people with
knee OA, and that the KAM is important in disease pathogenesis, an
understanding of the effects of rocker-soled shoes on this parameter of
knee loading is important. The purpose of this study was to evaluate the
effects of rocker-soled shoes on the KAM in knee OA as compared to i)
standardised control shoes and ii) barefoot walking.
Methods: Twenty ﬁve individuals (15 (60%) female, mean (SD) age 61 (8)
years, mean (SD) body mass index 28 (4) kg/m2) with radiographic knee
OA (Kellgren and Lawrence grade greater than or equal to 2) and pain on
most days were recruited from the community. Participants underwent
three-dimensional gait analysis (12-camera VICON, 3 AMTI force plates)
under three conditions in random order i) standardised control shoes
(Asics Gel Odyssey), ii) rocker-soled shoes (Skecher Shape-up Fitness
Junkie (womens) and Skecher Shape-up Motivation (mens)) and iii)
barefoot walking. Participants walked at a self-selected normal pace. For
each condition, ﬁve trials with clean force plate strikes, and average speed
within 5% of self-selected pace, were collected. Peak KAM (Nm/Bw*ht%)
during the ﬁrst half of stance, and KAM impulse (Nm.s/BW*ht%), were
determined from each trial and averaged. Differences between conditions
were examined using repeated measures ANOVA. Where signiﬁcant
results were obtained, post hoc comparisons were performed using Bon-
ferroni post-hoc tests.
Results: Mean (SD) parameters of the KAM across testing conditions are
reported in Table 1. Peak KAM was signiﬁcantly lower when wearing
rocker-soled shoes compared to control shoes (p value < 0.001, mean
difference (95%CI): -0.28 (-0.45, -0.12)). There was no signiﬁcant difference
between peak KAM recorded in rocker-soled shoes and barefoot walking
(p value¼ 0.248, mean difference (95%CI): 0.15 (-0.63, 0.36)). KAM impulse
with rocker-soled shoes was not signiﬁcantly different to that of control
shoes (p value ¼ 0.068, mean difference (95%CI): -0.33 (-0.68, 0.02)). Both
rocker-soled shoes and control shoes recorded signiﬁcantly higher KAM
impulses compared to barefoot (p values< 0.001, < 0.001 respectively).
There was no signiﬁcant difference in speed between conditions.
Conclusions: Peak KAM was reduced in rocker-soled shoes compared to
control shoes. Importantly, the peak KAM in rocker-soled shoes was
similar to that of barefoot walking. Given thatmost shoes increase the peak
KAM in people with knee OA, the decrease noted with rocker-soled shoes
may be beneﬁcial in reducing knee load in this population. These ﬁndings
are consistent with a recent studywhich found a reduction in the ﬁrst peak
KAM in an overweight male population. Further research is needed to
evaluate safety aspects of these shoes with respect to balance, and their
inﬂuence on symptoms.
